Abstract
Introduction

31
Orography is the primary cause of up-lift of air parcels together with convectively driven rainfall goes to the sophisticated data assimilation systems which utilize the satellite data.
50
The Indian subcontinent is highly vulnerable to heavy rainfall events. Most of the heavy and 51 extreme rainfall events occur during the southwest monsoon season (June to September, JJAS). over NE-States is ~151.3 cm which is much larger than the all India average (86.5cm)
68
(Parthasarathy et al., 1995) making it a potential zone for hydropower.
69
The WGs plays a dominant role in modulating the southwest monsoon, which in turn modulates 70 the regional climate (Gunnell 1997) , as its first encounter on landfall over India is with these WGs and NE-states). The study period extends over twelve monsoon seasons (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) .
78
Evaluation is carried out with special emphasis on heavy rainfall. Unlike earlier studies, the 79 verification is based on quintile based rainfall thresholds rather than absolute rainfall amounts. 
Data and Methodology
90
Observed Data
91
The availability of daily rainfall data for long climatological periods is crucial for understanding 92 the components and processes related to the Indian monsoon. Daily rainfall associated with 93 orography, low-pressure systems and monsoon depressions contribute significantly to the total 
Description of the NWP Modelling System and Forecast Dataset
131
The Unified Model at the UK Met Office is the numerical modeling system developed for the 
206
The Bias Score ranges from 0 to infinity with a value of 1 meaning perfect forecast. The Bias
207
Score can help in identifying whether the forecast system has a tendency to underpredict compared to N512 in capturing the monsoon rainfall.
229
As discussed, forecasting of rainfall in the tropics and Indian region, especially over the 230 mountainous regions of WGs and NE-states, is always a challenge. However, the NWP models This improved skill is due to the upgrades in data assimilation system which had a full 324 implementation of perturbed forecast physics convection, soil moisture nudging and increase
325
vertical range of GPSRO data assimilation.
326
Summary and Conclusions
327
During the monsoon season, heavy rainfall events over the orographic regions of WGs and NE-
328
states of India pose a great challenge to accurate prediction using NWP models. This is mainly 329 due to the medium and coarser grid resolution models, which fail to accurately resolve the • The large wet bias over northern India adjoining the Himalayas during 2013 is 346 significantly reduced during JJAS 2015 and 2018.
347
• The highest observed rainfall amounts over WGs (>10cm/day) are completely missed in 
